A dual band-notched reconfigurable dielectric resonator antenna (DRA) is proposed in this paper. A rectangular dielectric resonator excited by stepped offset microstrip feedline generates multiple resonant modes for wideband performance. Moreover, the typical stepped impedance feedline and partial ground plane with one rectangular notch are adopted for contributing for better impedance matching. On this basis, a five-line coupler resonator (FLCR) composed by inverted U-shaped and 山-shaped structures is introduced as a bandstop filter in the microstrip feedline, and dual rejected bands are created. Tunable notched frequencies are achieved by the varactor between these two structures. The proposed antenna size is 24 × 28 × 5.637 mm 3 . For the presented work, both simulated and measured results for the proposed tunable antenna ranging from 5.3 to 5.84 GHz and from 8.74 to 8.98 GHz within the wide bandwidth of 6.06 GHz are presented, demonstrating the accuracy of this design. There capabilities make the proposed antenna applicable for wideband systems with the requirement of avoiding interferences.
Introduction
Dielectric resonator antenna (DRA) has been an active research area for the last three decades due to its excellent characteristics such as compact size, light weigh, low dissipation loss, high degree of design flexibility, and ease of excitation, since it was originally proposed in 1983 [1] . Moreover, DRA, which possesses multi-mode characteristic, has emerged as an ideal candidate for high efficiency, cost-effective, and wideband applications [2, 3] . On the other hand, ultrawideband (UWB) systems are of great interest due to their remarkable advantages, such as simple hardware configuration, high-speed data rate, low power consumption, and high-precision ranging. However, there are some challenges including high radiation efficiency to design UWB antennas. DRA provides a promising solution for UWB antenna [4] [5] [6] .
In reality, many relatively narrowband services occupy frequencies in the UWB range, so it is necessary to develop techniques to introduce notched bands for rejecting the interferences [7, 8] . Various band-notched UWB antennas using different techniques, such as cutting slots of various shapes in radiating patch, ground plane and feedline, have been published recently. Moreover, for the conventional antenna, two or multiple band-and tunable band-notched characteristics have been already achieved for improving the performance of UWB systems [9] [10] [11] [12] . However, a reconfigurable mechanism for DRA is a difficult point for its non-metal radiation body. The traditional methods of changing metal radiation body, such as the reference review pointed, are not applicable to DRA. Figure 1 depicts the geometry of the reconfigurable DRA with tunable dual band-notched. It contains a rectangular dielectric resonator (DR) with dielectric constant of 9.9, an offset microstrip feedline integrated with a bandstop filter based on a five-line coupler resonator (FLCR), a varactor diode, and a defected ground plate with a rectangular notch centered around the feed and a FR-4 epoxy substrate with permittivity of 4.4 and loss tangent of 0.025. Rectangular DR excited by asymmetrical feed is easier to excite more resonant modes, which can be used to expand the bandwidth for DRA. Stepped impedance microstrip and defected structure ground plane were introduced for better impedance matching. Dual rejected bands were generated by the FLCR with inverted U-and 山-shaped structures integrated into the microstrip feedline for filtering out the corresponding bands. The continuously tunable characteristic was achieved by the varactor diode with variable capacitor between the two resonant structures.
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Results and Discussion
To demonstrate this type of reconfigurable DRA experimentally, Figure 9 displays a fabricated antenna based on the design with the final dimensions indicated in Table 2 . The rectangular DR is made of one type aluminous ceramic. Two wires connected the central feed of 山-shaped structure and the ground plane with metallic via to the upper inverted U-shaped structure separately were used for biasing the varactor diode. In addition, a dc-block SMA connector was used for test between the proposed antenna and the coaxial measurement cable of Agilent-N5227 microwave network analyzer. 
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Performance comparisons between the proposed dual band-notched DRA and pr relevant literatures for DRAs are listed in Table 3 . It can be found that a DRA with wideban GHz and a stopband response of 5.15-5.828 GHz was proposed first, which is based o excited with a monopole antenna and a ring resonator in [13] . In [14] , the DRA consis L-shaped parasitic strip, and a thin monopole antenna is proposed to achieve a bandwidt GHz along with a notched band of 5.71-6.32 GHz. Moreover, a dual band-notched DR U-shaped feedline is realized by embedding a stub and a inverted T-shaped parasitic strip the patch connected the feed for DRA, and are used for generating corresponding rejected [16] and [17] . However, these designs cannot adjust corresponding notched frequency conti The proposed DRA in this paper exhibits not only the characteristic with dual notched ba also with tunableness. The far-field radiation characteristics under four continuously changing reverse bias voltages are demonstrated in Figure 11 . The radiation patterns in xoz-plane and yoz-plane have good symmetry, and in xoy-plane change for the offset feed network. All the patterns were quite similar at different principle planes when the antenna is in its tunable band-notched state. The realized gain values of the proposed antenna at one given dual rejected-band state with voltage of 0 V were also obtained: 2.06 dBi (3.9 GHz), 2.23 dBi (4 GHz), 3.2 dBi (8 GHz), and 4.14 dBi (10.6 GHz). The measured results validate the simulated performance characteristics of the dual band-notched rectangular DRA.
Performance comparisons between the proposed dual band-notched DRA and previously relevant literatures for DRAs are listed in Table 3 . It can be found that a DRA with wideband of 8.7 GHz and a stopband response of 5.15-5.828 GHz was proposed first, which is based on a DR excited with a monopole antenna and a ring resonator in [13] . In [14] , the DRA consists of an L-shaped parasitic strip, and a thin monopole antenna is proposed to achieve a bandwidth of 9.05 GHz along with a notched band of 5.71-6.32 GHz. Moreover, a dual band-notched DRA with U-shaped feedline is realized by embedding a stub and a inverted T-shaped parasitic strip. Slots in the patch connected the feed for DRA, and are used for generating corresponding rejected band in [16] and [17] . However, these designs cannot adjust corresponding notched frequency continuously. The proposed DRA in this paper exhibits not only the characteristic with dual notched bands, but also with tunableness.
U-shaped feedline is realized by embedding a stub and a inverted T-shaped parasitic strip. Slots in the patch connected the feed for DRA, and are used for generating corresponding rejected band in [16] and [17] . However, these designs cannot adjust corresponding notched frequency continuously. The proposed DRA in this paper exhibits not only the characteristic with dual notched bands, but also with tunableness. 
Conclusions
A reconfigurable dual band-notched DRA is designed and implemented by integrating SMV1405. The wideband characteristic for the proposed DRA is put down to rectangular DR, offset stepped impedance microstrip, and defected ground plane. The inverted U-and 山 -shaped resonators are etched in the feedline for generating two notched bands, and the varactor diode between them is used for adjusting the notched bands. The simulated and measured results show that it is a cost-effective solution for DRA to achieve dual-notched-band and tunable characteristic. Currently, the proposed antenna is capable of adjusting the rejected band among 5.3-5.84 GHz and 
A reconfigurable dual band-notched DRA is designed and implemented by integrating SMV1405. The wideband characteristic for the proposed DRA is put down to rectangular DR, offset stepped impedance microstrip, and defected ground plane. The inverted U-and 山-shaped resonators are etched in the feedline for generating two notched bands, and the varactor diode between them is used for adjusting the notched bands. The simulated and measured results show that it is a cost-effective solution for DRA to achieve dual-notched-band and tunable characteristic. Currently, the proposed antenna is capable of adjusting the rejected band among 5.3-5.84 GHz and 8.74-8.98 GHz. Additional future work will focus on developing the notch band range for meeting specific application scenario by changing resonator dimensions in the feedline and exploring more wide tunable range by high performance resonators and varactors. It is worth mentioning that the notched bands are arbitrary designated, and the proposed tunable design can be rescaled with the dimension of resonator and applied straightforwardly to other rejected bands of interest. Funding: This research was funded by the National Natural Science Foundation of China, grant number U1633202. and 61731007.
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